INTRODUCTION
Colorectal cancer is the third most common cancer in men and the second most common cancer in women globally, with an estimated 1.23 million new cases in 2008. An estimated 608,000 colorectal cancer deaths occurred worldwide in 2008, representing 8% of all cancer deaths 1 . There is, therefore, interest in improving treatment results and quality of life (qol) for people with colorectal cancer.
The strategy most commonly used for unresectable metastatic colorectal cancer (mcrc) in Ontario is upfront combination chemotherapy with a fluoropyrimidine (5-fluorouracil or capecitabine) and either oxaliplatin or irinotecan, with or without a biologic agent [2] [3] [4] . Several large randomized phase iii trials, now completed, have assessed whether a planned sequential chemotherapy strategy-beginning with fluoropyrimidine monotherapy until treatment failure, followed by another regimen (either monotherapy or combination chemotherapy) until treatment failure-could result in the same survival benefit produced with an upfront combination chemotherapy strategy, but with less toxicity for patients. The combination chemotherapy strategy
ABSTRACT

Background
Before the emergence of first-line combination chemotherapy, the standard of care for unresectable metastatic colorectal cancer (mcrc) was first-line monotherapy with modulated 5-fluorouracil. Several large phase iii randomized controlled trials, now completed, have assessed whether a planned sequential chemotherapy strategy-beginning with fluoropyrimidine monotherapy until treatment failure, followed by another regimen (either monotherapy or combination chemotherapy) until treatment failure-could result in the same survival benefit produced with an upfront combination chemotherapy strategy, but with less toxicity for patients.
Methods
The medline and embase databases, and abstracts from meetings of the American Society for Clinical Oncology and the European Society for Medical Oncology, were searched for reports comparing a sequential strategy of chemotherapy with an upfront combination chemotherapy in adult patients with mcrc. Publications that reported efficacy or toxicity data (or both) were included.
Results
The five eligible trials that were identified included 4532 patients. A meta-analysis of those trials demonstrates a statistically significant survival advantage for combination chemotherapy (hazard ratio: 0.92; 95% confidence interval: 0.86 to 0.99). However, the median survival advantage (3-6 weeks in most trials) is small and of questionable clinical significance. Three trials reported first-line toxicities. Upfront combination chemotherapy results in significantly more neutropenia, febrile neutropenia, thrombocytopenia, diarrhea, nausea, vomiting, and sensory has been recognized as a standard of care in Canadian and international guidelines [3] [4] . The Gastrointestinal Disease Site Group of the Program in Evidence-Based Care (pebc) decided that a systematic review of the evidence and a synthesis of the available data that could guide the treatment recommendations made by clinicians for their patients with unresectable mcrc being treated with palliative intent would be useful. 
METHODS
Literature Search Strategy
Study Selection Criteria
Articles were included if they were published English-language abstracts or full reports of randomized controlled trials comparing a sequential strategy of chemotherapy with an upfront combination chemotherapy in adult patients with mcrc and if they included at least one of the outcomes of interest. Syntheses of randomized controlled trials in the form of systematic reviews or meta-analyses were also eligible. If more than one study evaluated the same dataset, only the most recent paper was selected for inclusion.
Synthesizing the Evidence
When clinically homogenous results from two or more trials were available, the data were pooled using the Review Manager software (RevMan 5.1) provided by the Cochrane Collaboration (http://tech. cochrane.org/revman). Because the hazard ratio (hr), rather than the number of events at a certain time, is the preferred statistic for pooling time-to-event outcomes 5 , hrs were extracted directly from the most recently reported trial results. Variances of the hr estimates were calculated from the reported confidence intervals (cis) using the methods described by Parmar et al. 5 . All pooling used a random-effects model, because that model provides a more conservative estimate of effect 6 .
Statistical heterogeneity was calculated using the chi-square test for heterogeneity and the I 2 percentage. A probability of less than or equal to 10% for the chi-square statistic ( p ≤ 0.10) or an I 2 greater than 50%, or both, were considered indicative of statistical heterogeneity. Results are expressed as hrs with 95% cis. When the hr is less than 1.0, patients receiving the experimental treatment have a lower probability of experiencing the event (death); conversely, when the hr is greater than 1.0, patients in the experimental arm have a higher probability of experiencing the event.
Role of the Funding Source
The pebc is supported by the Ontario Ministry of Health and Long-Term Care. All work produced by the pebc is editorially independent from the Ministry. The pebc is an initiative of the Ontario provincial cancer system, Cancer Care Ontario. Its mandate is to improve the lives of Ontarians affected by cancer through the development, dissemination, and evaluation of evidence-based products designed to facilitate clinical, planning, and policy decisions about cancer care. For more information, please visit https:// www.cancercare.on.ca/toolbox/qualityguidelines/ diseasesite/.
RESULTS
Literature Search Results
The medline search yielded 3383 hits, of which 42 were potentially relevant and were fully reviewed. Five publications were retained ( Figure 1 ). The embase search yielded 8507 hits, of which 19 were potentially relevant and were fully reviewed. None of the 19 were retained. No abstracts from the American Society of Clinical Oncology or the European Society of Medical Oncology meetings were retained.
Trial Design and Quality
Using information provided in the trial reports, the randomized trials were assessed for key methodologic characteristics. The elements assessed were generation of the allocation sequence, allocation concealment, blinding, intention-to-treat analysis, withdrawals, loss to follow-up, funding source, statistical power calculations, length of follow-up, differences in baseline patient characteristics, and early termination.
Outcomes
3.3.1
Trial Design and Quality All five trials [7] [8] [9] [10] [11] involved adult patients with advanced unresectable or metastatic colorectal cancer, and all compared a planned sequential chemotherapy strategy with an upfront combination chemotherapy ( Table i) . None of the patients had received prior systemic therapy for advanced colorectal cancer. All patients had a World Health Organization performance status in the range 0-2. Only three studies 7, 8, 10 reported median follow-up time. All trials were superiority trials. The focus2 11 trial was specifically designed for elderly and frail patients who were considered unsuitable for full-dose chemotherapy. In that trial, starting doses were 80% of standard, with the option of increasing to the full dose after 6 weeks at the discretion of the treating oncologist.
The sequential arm in all the trials consisted of a first-line fluoropyrimidine [7] [8] [9] [10] [11] . The cairo 7 , fo c us 8 , and li f e 9 trials followed the upfront fluoropyrimidine monotherapy with second-line irinotecan monotherapy. The cairo trial also allowed for third-line combination chemotherapy (capecitabine-oxaliplatin). The ffcd 10 and focus2 11 trials followed the upfront monotherapy with second-line combination chemotherapy. The ffcd 10 trial also included another combination chemotherapy regimen as third-line treatment. The combination chemotherapy arm in all the trials began with upfront combination chemotherapy, with nothing else planned to follow 8, 11 , although further unplanned treatment with another combination regimen 7, 10 or with monotherapy 9 could be instituted at the discretion of the treating physician 11 . The focus 8 trial had a third strategy called "deferred combination."
That arm consisted of first-line monotherapy with a f luoropyrimidine, followed by a combination regimen (similar to the sequential arm in focus2 11 ).
With respect to trial quality, all five trials reported on the generation of allocation sequences, described withdrawals, had industry funding, provided statistical power calculations, used intentionto-treat analysis, and had balanced baseline patient characteristics. One of the studies reported loss to follow-up 10 , and one of the studies was terminated early 10 (data not shown; see the full guideline at https://www.cancercare.on.ca/common/pages/User File.aspx?fileId=295210).
3.3.2
Response and Survival In each of the five studies [7] [8] [9] [10] [11] , the overall response rate (complete and partial responses) was significantly greater in the upfront combination chemotherapy arm than in the sequential chemotherapy arm (Table ii) . Similarly, progression-free survival (pfs) was significantly greater in the combination chemotherapy arm in four of the studies [7] [8] [9] [10] . In focus2 11 , pfs was not significantly different between the treatment arms. Meta-analysis of the four trials that reported hrs for pfs 7,9-11 demonstrated a significant benefit for combination chemotherapy (hr: 0.74; 95% ci: 0.67 to 0.81; p < 0.00001; Figure 2 ). We observed no significant heterogeneity between the trials with respect to pfs. In each of the five included studies [7] [8] [9] [10] [11] , overall survival (os) was not significantly longer for the combination than for the sequential chemotherapy strateg y (Table i i). The fo c us st udy 8 did repor t significantly greater median survival in one of the upfront combination arms (consisting of fluorouracilirinotecan) compared with the sequential chemotherapy arm (16.7 months vs. 13.9 months, p = 0.01). However, compared with sequential chemotherapy, the other upfront combination chemotherapy arm (consisting of fluorouracil-oxaliplatin) did not result in longer survival. Moreover, a comparison of upfront combination chemotherapy and sequential chemotherapy that omitted the "deferred combination" arms did not result in a statistically significant longer survival (hr: 0.88; 95% ci: 0.79 to 0.98) because the authors of the trial used a more stringent significance level [p < 0.01 (see Table ii , footnote c)] to account for the multiple testing performed.
Meta-analysis of the five trials does demonstrate a significant benefit for combination chemotherapy (hr: 0.92; 95% ci: 0.86 to 0.99; p = 0.02) and no heterogeneity (I 2 = 0%, p = 0.72, Figure 3) . However, the meta-analysis might be problematic, in that, for the focus trial 8 , a hr for survival that included all the data was not available. A hr for survival was available for the comparison of the upfront combination chemotherapy (n = 713) and the sequential chemotherapy (n = 710) strategies (and was used in the meta-analysis), but the arm for the deferred combination strategy (n = 712) was not included. Thus, one third of the trial data (n = 712) were not included in that hr. A second meta-analysis (Figure 4) used the hr from a comparison of the upfront combination chemotherapy strategy (n = 713) with the deferred combination (essentially sequential) chemotherapy strategy (n = 712). The data from the sequential arm (n = 710) are not included. The second analysis demonstrated no significant survival benefit for a combination chemotherapy strategy (hr: 0.95; 95% ci: 0.88 to 1.02; p = 0.15) compared with a sequential chemotherapy strategy and no heterogeneity between the trials (I 2 = 0%, p = 0.93).
After the initiation of focus 8 , standard practice changed from first-line fluorouracil to combination chemotherapy. The focus authors then decided to conduct an analysis using combination chemotherapy as the reference for the deferred combination strategy, in a type of noninferiority analysis. They used the ci from the trial to calculate a noninferiority boundary of 1.18. That analysis resulted in a hr of 0.94 and a 95% ci of 0.84 to 1.05 (results inverted to make the comparison consistent with the other trials). To conclude that one strategy is noninferior to the other, a properly designed noninferiority trial would have to be conducted.
3.3.3
Toxicity Toxicity data are reported differently in the various trials. The life 9 and focus2 11 trials report toxicity data Planned lines of therapy shown; followed by salvage treatment at the discretion of the treating oncologist.
b
Time from randomization to first progression or death.
c Because of adjustments made to account for multiple testing, authors set significance at p < 0.01 to confirm superiority at the 99% confidence level.
d
Study reported a hazard ratio of 1.06 and a 90% confidence interval of 0.97 to 1.17. For the purpose of the present review, the data were inverted such that all comparisons are in the same direction. Also, the 95% confidence interval was calculated to make it consistent with the other included studies.
ps2
= having a performance status of 2; hr = hazard ratio; ci = confidence interval; orr = overall response rate; ns = nonsignificant; comb. = combination; seq'l = sequential.
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over the entire trial; focus 8 reports toxicities resulting from first-line treatment only. The cairo 7 and ffcd 10 trials report toxicity data both ways (data not shown, see the full guideline at https://www.cancercare. on.ca/common/pages/UserFile.aspx?fileId=295210). Looking at the data for specific toxicities that were reported over entire trials, the incidences of grades 3 and 4 anemia, febrile neutropenia, and thrombocytopenia were not significantly different in the sequential and upfront combination chemotherapy arms (data not shown). Neutropenia was the only hematologic toxicity that was reported in all the included trials. Two trials 7, 11 reported no difference in the rate of neutropenia between study arms. In the life 9 trial, more cases of neutropenia were observed in the upfront combination chemotherapy arm than in the sequential chemotherapy arm (no significance level provided); and in the ffcd 10 trial, significantly more cases of neutropenia were observed in the upfront combination chemotherapy arm.
The cairo study 7 reported that the study arms were not significantly different with respect to grades 3 and 4 nonhematologic toxicities. Several nonhematologic toxicities (diarrhea; nausea or vomiting, or both; sensory neuropathy) occurred more often in the upfront combination chemotherapy arms in the life 9 trial, although no p values were reported. Hand-foot syndrome occurred significantly more often in the sequential arm of the cairo 7 trial. In the ffcd trial 10 , sensory neuropathy occurred significantly more often in the upfront combination chemotherapy arm. In the focus2 trial 11 , which included only elderly and frail participants, significantly more diarrhea and sensory neuropathy was observed in the upfront combination chemotherapy arm and significantly more hand-foot syndrome in the sequential chemotherapy arm.
With respect to hematologic toxicities in first-line treatment only, two studies 7,10 reported a significantly higher incidence of grades 3 and 4 neutropenia, and one study 7 reported a significantly higher incidence of febrile neutropenia in the upfront combination chemotherapy arm than in the sequential chemotherapy arm. No differences were found for anemia, and one study 10 reported significantly more thrombocytopenia with the upfront combination chemotherapy strategy. The focus 8 trial reported only on neutropenia. More cases of neutropenia occurred in the upfront combination chemotherapy arm, but a significance figure 2 Meta-analysis of progression-free survival in four trials 7, [9] [10] [11] . se = standard error; iv = inverse variance; ci = confidence interval. figure 3 Initial meta-analysis of overall survival in five trials [7] [8] [9] [10] [11] level was not provided. The nonhematologic grades 3 and 4 toxicities that occurred significantly more often in the upfront combination chemotherapy arm were diarrhea 7 , nausea 7, 10 , and vomiting 7, 10 . Significantly more grade 3 hand-foot syndrome was observed in the sequential chemotherapy arm in the cairo 7 study. The focus 8 trial reported more diarrhea, nausea or vomiting, and sensory neuropathy in the combination chemotherapy arm; however, significance levels were not provided.
3.3.4
Quality of Life In the cairo 7 , focus 8 , and ffcd 10 trials, qol was assessed using the European Organisation for Research and Treatment of Cancer's Quality of Life Questionnaire C30 (qlq-C30). The authors of the cairo study reported that changes in financial problems and global health status were similar in both study arms. They also reported that decline in emotional, physical, role, and social functioning was greater in the upfront combination chemotherapy arm than in the sequential chemotherapy arm. Moreover, changes on the symptomatic scales, with the exception of pain and dyspnea, were generally greater (indicating worse symptoms) in the upfront combination chemotherapy arm. However, the only significant symptomatic change occurred on the diarrhea scale (p = 0.002), which was worse in the upfront combination chemotherapy arm 7 . In the focus trial 8 , overall qol was similar for the regimens and over time. The authors concluded that, for combination chemotherapy, there was no advantage or disadvantage at 3 and 6 months. In the ffcd 10 trial, no significant differences in the global and physical dimensions were observed between the study arms. There was, however, a significant difference between the arms with respect to the emotional dimension, which favoured the upfront combination group (p = 0.009)
In the focus2 trial 11 , qol was assessed using the Comprehensive Health Assessment (cha) instrument. At weeks 12-14, global qol was reported to be improved in 62% of patients in the sequential chemotherapy arm and in 49% of patients in the combination chemotherapy arm ( p = 0.04). Based on the cha results, the authors concluded that the addition of oxaliplatin has a detrimental effect on global qol.
The life trial 9 did not report on qol.
DISCUSSION AND CONCLUSIONS
In the late 1990s and early 2000s, evidence emerged that, compared with fluoropyrimidine monotherapy, upfront combination chemotherapy with new cytotoxics (oxaliplatin and irinotecan) produced response and survival (pfs and os) advantages [12] [13] [14] [15] in the treatment of unresectable mcrc. Subsequently, several trials 7-11 were designed to determine whether efficacy could be maintained, toxicity reduced, and qol improved by deferring introduction of the new cytotoxic agents. In the standard arms of those trials, an effective chemotherapy doublet combination was given as first-line treatment and compared with alternative strategies in which first-line therapy was a single-agent fluoropyrimidine with varying plans for subsequent administration of the remaining active therapies. With the completion and publication of those trials, our pooled analysis compares the outcomes of the alternative strategies with those of first-line combination chemotherapy. With respect to os, upfront combination chemotherapy was not superior to planned serial administration of chemotherapy in any of the five trials [7] [8] [9] [10] [11] individually. However, when the data are pooled meta-analytically (Figure 3) , a significant survival benefit of upfront combination chemotherapy does emerge ( Figure 3 ; hr: 0.92; 95% ci: 0.86 to 0.99; p = 0.02). The meta-analysis is somewhat problematic, in that the hr for the focus trial 8 included only the comparison of the upfront combination strategy with the sequential monotherapy strategy and accounted for only 67% of the patients involved in the trial. For the present purpose, it would have been ideal for the figure 4 Alternate meta-analysis of overall survival in five trials [7] [8] [9] [10] [11] . se = standard error; iv = inverse variance; ci = confidence interval. meta-analysis to use a hr that included data for all the patients and that compared the upfront combination strategy with the arms using an upfront monotherapy strategy, but the data from the arm using the deferred combination strategy were not included in the hr. The focus trial 8 does report a hr for the comparison of the upfront combination strategy with the deferred combination strategy (which is essentially a sequential strategy beginning with single-agent 5-fluorouracil). A second meta-analysis using that hr from the focus trial demonstrates that no significant survival benefit accrues to upfront combination chemotherapy compared with a sequential or deferred combination chemotherapy strategy (Figure 4 ; hr: 0.95; 95% ci: 0.88 to 1.02; p = 0.15). Notwithstanding the difference in statistical significance observed in the two meta-analyses, the os difference between the upfront combination and initial monotherapy strategies is likely to be of minimal clinical significance given the hrs observed in the two meta-analyses.
All five trials [7] [8] [9] [10] [11] demonstrate a significantly better overall response rate for upfront combination chemotherapy (all trials, p < 0.0001). Similarly, four of the trials report significantly better pfs in the upfront combination chemotherapy arm [7] [8] [9] [10] . The pfs was also superior in the upfront combination arm of focus2 11 , although it did not reach statistical significance (hr: 0.84; 95% ci: 0.69 to 1.01; p = nonsignificant). Meta-analysis of the four trials that reported hrs for pfs 8,9-11 demonstrates the overall benefit for upfront combination chemotherapy (Figure 2 ; hr: 0.74; 95% ci: 0.67 to 0.81; p < 0.00001). The superior pfs for combination chemotherapy occurs only in first-line treatment. During later lines of treatment, pfs was not significantly different between treatment arms 7, 10 (data not shown).
In three studies, qol was assessed using the qlq-C30 instrument 7, 8, 10 . The authors of the cairo study 7 reported similar changes in financial problems and global health status in both arms of their study. They also reported that the decline in emotional, physical, role, and social functioning was generally greater in the upfront combination chemotherapy arm than in the sequential chemotherapy arm. Moreover, changes on the symptomatic scales, with the exception of pain and dyspnea, were generally greater (that is, symptoms were worse) in the upfront combination chemotherapy arm. However, the only significant symptomatic change was seen on the diarrhea scale (p = 0.002), with diarrhea being worse in the upfront combination chemotherapy arm 7 . In the focus trial 8 , overall qol was similar between the regimens and over time. In the ffcd 10 trial, no significant differences between the trial arms were observed with respect to the global and physical dimensions. There was, however, a significant difference between the arms with respect to the emotional dimension, which favoured the upfront combination group (p = 0.009). In the focus2 trial 11 , qol was assessed using the cha instrument, and the authors reported improved global qol at weeks 12-14 in 62% of patients in the sequential chemotherapy arm and in 49% of patients in the combination chemotherapy arm (p = 0.04). Based on the cha data, the authors concluded that the addition of oxaliplatin has a detrimental effect on global qol. Overall, qol was at least as goodand, for some dimensions, better-with a sequential chemotherapy strategy.
With respect to hematologic toxicities in first-line treatment only (data not shown, three studies reporting), significantly greater grades 3 and 4 toxicity was reported for neutropenia 7, 10 , febrile neutropenia 7 , and thrombocytopenia 10 in the upfront combination chemotherapy arm than in the sequential chemotherapy arm. The nonhematologic grades 3 and 4 toxicities of diarrhea 7 , nausea 7, 10 , and vomiting 7,10 occurred significantly more often in the upfront combination chemotherapy arm. In the cairo 7 study, significantly more grade 3 hand-foot syndrome occurred in the sequential chemotherapy arm. The focus 8 trial reported more diarrhea, nausea or vomiting, and sensory neuropathy in the upfront combination chemotherapy arm; however, significance levels were not provided. Those results are not surprising, in that toxicity would be higher for upfront combination chemotherapy than for initial monotherapy.
There has been criticism 16 that the trials comparing upfront combination and sequential chemotherapy strategies achieve a considerably lower median survival than most other recent trials. There are several possible explanations for that discrepancy. All five trials included in the systematic review enrolled patients who were less fit and would likely not be candidates for curative surgery if the first-line chemotherapy had been sufficiently successful. In fact, in several of the trials, recruiting physicians were specifically asked not to enrol patients they thought might become operable if they responded well enough to first-line chemotherapy. Moreover, focus2 11 included only frail and elderly patients, a population that is traditionally underrepresented in clinical trials. Such patients would also never be considered for resection. A performance status of 2 was more frequent among the patients in the trials used in the meta-analysis (4%-30%, Table ii) than among patients in other trials (2%-8%) 17 . It is therefore not surprising that the median survival in the studies included in the present review is lower than that seen in contemporaneous trials. Another possible explanation is the use, in some of the trials, of capecitabine and irinotecan, which, compared with folfir i (leucovorin-5-fluorouracil-irinotecan), have been shown to be associated with inferior survival 18 and toxicity profiles 18, 19 . Additionally, the superior pfs seen with first-line combination chemotherapy in the trials included in our systematic review is not maintained over subsequent lines of treatment.
That observation, combined with a lack of superior survival in the comparison of upfront combination chemotherapy with sequential chemotherapy suggests that the survival benefit seen in other recent trials might be attributable to an inadequate use of salvage treatments in the monotherapy arm. One other possible explanation relates to the number of patients in the sequential strategies who were actually exposed to all the effective drugs that they were planned to be exposed to. In the five trials, only 36%-61% of patients in the sequential arms received all planned lines of therapy and, therefore, exposure to all planned effective drugs. It is notable that, in the ffcd trial, which used only folfiri chemotherapy and which had appropriate access to all three cancer drugs, os was similar to that seen in other recent trials.
Our systematic review considered trials conducted in an era before targeted therapies were included as part of mcrc treatment. We now have good evidence that the addition of biologics has further improved outcomes in first-line treatment; the current Ontario standard is chemotherapy and bevacizumab [20] [21] [22] [23] . The addition of bevacizumab to a single-agent fluoropyrimidine has been shown to be safe and effective 20, 21, 24 . As the authors of both the focus and the ffcd trials point out, bevacizumab and fluoropyrimidine monotherapy is generally reserved for patients thought to be unfit for combination therapy. They suggest that the results of their trials support extending that approach to patients receiving upfront monotherapy in a sequential approach 8, 10 . However, given that none of the randomized trials included in the present analysis used biologics, definitive statements about the integration of biologics into a sequential strategy cannot be made at this time.
The ultimate goal for the treatment of mcrc is to improve survival duration and qol for patients. Compared with upfront combination chemotherapy strategies, strategies that initially use monotherapy are less toxic, improve qol in some trials, produce no clinically significant detriment in os, and are an acceptable option for patients with unresectable mcrc. Appropriate patient selection is important; upfront combination chemotherapy might be more appropriate for patients with rapidly progressing, highly symptomatic, or bulky life-threatening visceral disease, given the higher overall response rates seen with that strategy.
In conclusion, based on currently available evidence, the use of sequential chemotherapy in the palliative treatment of mcrc is an appropriate option for some patients and should be part of an informed discussion between patients with unresectable mcrc and their medical oncologists. Given the advances in targeted therapy for mcrc, more studies of sequential strategies incorporating biologic agents are needed.
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